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Abstract 
There are various shortages of the traditional data center in cost, resource utilization, power consumption and operation. This
paper studies the development trend of the virtual data center and its technical advantages, proposes a scheme of virtual system of 
smart transportation data center based on VMware vSphere. At the same time, oriented on requirements of traffic data stream 
management in city smart transportation system under the environment of cloud computing, aimed at massive, multi-source, real-
time, dynamic uncertain data stream sent back from all kinds of cross regional intensive control perception device, this paper 
analyses the characteristics and correlation of actual city traffic operation and traffic data flow, researches evolution mechanism 
of uncertain data; construct traffic data flow model based on ontology, core metadata and theory of constraints. And on this basis,
this paper uses virtualization and large data sets of parallel processing, considers load balancing and adaptive mechanism, 
combines fuzzy theory and dynamic multi object, multi constrained decision theory, to seek the efficient query algorithm for 
dynamic, complex and continuous transportation data stream. 
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1. Introduction 
With the cloud computing, storage and computing resources are moving to remote resources such as virtual 
servers and storage systems in large DCs (Data Centers), which raise many performance and management challenges. 
And with the increasing deployment of large-scale virtualized datacenters, using virtual machine (VM) migration 
technology to consolidate VMs is becoming very important for improving the efficiency of data center. Virtualized 
data centers are envisioned to provide better management flexibility, lower cost, scalability, better resources 
utilization, and energy efficiency. Bari M F [1] presents a survey of the current state-of-the-art in data center 
networks virtualization, and provides a detailed comparison of the surveyed proposals. Adami D [2] investigates 
Virtual Machines (VMs) migration or communications between VMs and storage resources, which can lead to huge 
and unbalanced utilization of the intra-data center network, and focus on the measurement of the traffic overhead 
due to VMs migration in different operating conditions. Birke R [3] presents a large scale workload characterization 
study that aiming at a better understanding of the state-of-the-practice, i.e., how data centers in the private cloud are 
used by their customers, how physical resources are shared among different tenants using virtualization, and how 
virtualization technologies are actually employed. Jin Y [4] investigates how virtualization affects the energy usage 
in servers under different task loads, aiming to understand a fundamental trade-off between the energy saving from 
consolidation and the detrimental effects from virtualization. Uddin M [5]proposes a five step model using an 
emerging technology called virtualization to achieve energy efficient data centers. Jin Y [6] takes the initiative to 
characterize the energy usage on virtualized servers and identifies a fundamental trade-off between the energy saving 
from server consolidation and the detrimental effects from server virtualization through intensive data collection and 
analysis. Hatta P [7] discusses the application of virtualization technology in the data center an educational 
institution. Soundararajan V [8] argues that the management workload from these workflows must be factored into 
the design of the virtualized datacenter and examine data from real-world virtualized deployments to characterize 
common management workflows and assesses their impact on resource usage in the datacenter. Ahmadi M R [9] 
presented a tile based evaluation based on heterogeneous workloads to compare several key parameters and 
demonstrate effectiveness of virtualization techniques. Erickson D [10] does a demo, which enables the comparison 
of different algorithms for VM placement and network routing at the scale of an entire data center. To solve VM 
Placement problems and Virtual Link Mapping problems in a virtualized data center, Xu J [11] presents a general 
optimization framework, an efficient algorithm for the VMP sub problem as well as a polynomial-time algorithm 
that optimally solves the VLM sub problem, and an effective heuristic algorithm jointly solves the two sub problems. 
As an important part of uncertain data stream management, uncertain data stream query algorithm plays an 
important role in information retrieval, data mining, decision making and monitoring and many other applications. It 
has become a hot research topic in the field of database and network computing. 
Skyline computation has received considerable attention and various changes of skyline query have been 
extensively studied in depth, such as skyline for the distributed environment, partially ordered range skyline, skyline 
cube, Reverse skyline, approximate Skyline. Wang [12] studied the outline based on uncertain data streams distance 
query, pointed out the different points determining the database query and uncertain data stream queries; Pei et al [13]  
first studied the tuple-level uncertainty dataset Skyline inquiry, proposed the concept of probability threshold 
Skyline, and proposed two methods to calculate the probability Skyline: The top-down and bottom-up approach; 
Atallah [14] for the first time studied the full Skyline query on a discrete set of questions uncertain data and made a 
worst-case scenario less than the second, ,the drawback was that the model of uncertain data object was single, and 
the complexity of the method was not low. When the query spatial dimension is too high, the cost grows at an 
exponential rate. 
Zhang [15] was the earliest to study Skyline query problems existing in uncertain data stream based on tuple level 
uncertain model on a sliding window; Christian [16] studied Skyline queries in the uncertain data sets modeling by 
using probability density function, but this method was not extended to the uncertainty in the data stream, and with 
no use of effective index structure, the query cost was too high. 
Top-k queries on most uncertain data usually gathered query results in possible world model semantics to sort 
probabilistic data for query results. Soliman et al. [17]  first proposed uncertainty data model to solve the query 
problem and the definition of U-Topk query and U-kRanks query on uncertain data Top-k query; According to the 
definition of probability Top-k query given in literature [18], Yi et al. [19] made more efficient U-Topk and Uk 
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Rank polynomial query algorithm using x-relation uncertain model; Ref. [20]  proposed definition of probability 
thresholds Top-k (PT -k) query , and proposed accurate and efficient query algorithm and fast approximate sampling 
query algorithm for this definition; Jin et al. [21]  proposed the definition of Pk-Topk and general framework to deal 
with Top-k query in the sliding window model; In addition, Lian et al. [22]  improved U-kRank query use the 
probability space pruning techniques and made definition of probabilistic ranked(Prank) query; Li et al. [23]  on the 
basis of analysis on the shortcomings of various sorting function definition, took the Top-k queries of probabilistic 
databases for multi-objective optimization problem and propose a unified processing framework; Ref. [24]  gave the 
probability Top-k dominating (PTD) query definition by combining skyline and Top-k queries to solve difficult 
problems of probability thresholds setting. 
2. Data center virtualization technology 
2.1. Insufficiency of traditional data center 
Architecture of traditional data center has always faced difficulties of 80/20, the traditional data center primarily 
focused on construction of business and application system on stability, safety and reliability, but often overlooked 
consideration in the resources utilization and flexibility. Mainly as follows: 
1) Utilization rate is low, Average server utilization is generally less than 15%. 
2) Business continuity is poor, lack of capacity for sustainable development.  
3) Higher operational energy costs, lower operation and maintenance management. It making the Capital 
Expenditure (CAPEX) and Operating Expense (OPEX) rises.  
4) Low degree of automation, performance evaluation is difficult. 
2.2. Technical advantages of data center virtualization 
Virtualization technology improves the efficiency of resource utilization and service levels, releases the potential 
of the data center, and brings great operational flexibility to the data center. Virtualization technology is not just a 
simple integration tool. it introduces more advanced automation and system management to the data center, and 
provides a share plus isolation, secure, trusted cloud computing infrastructure for data center. Such data center is no 
longer the traditional data center, but elastic data center superimposed with cloud computing functional architecture. 
1) Improve IT equipment utilization. 15% of the original server CPU utilization is raised to 60% or even higher.  
2) Simplify management. In the virtual data center, a variety of virtual machines can be managed and scheduled 
uniformly through cloud management software, without caring about hardware differences of the servers running. 
Thus, the efficiency in the virtual data center operation and maintenance can be improved more than 5 times. 
3) The rapid business deployment, more agile in supporting business development. IT equipment in Virtual data 
center has formed a pool of resources, completely reformed a series of complex processes of traditional data centers, 
which need application, approval, procurement and commissioning. On-line time is shortened to a few days from 
original three months. 
4) Green energy-saving. With the increase of server utilization, the number of servers required by data center also 
will be substantially reduced. PUE of traditional data center is generally 2.5 to 3.0, and PUE of virtual data centers 
can be reduced to 1.5 or even lower.  
5) Achieve effective IT governance. In the virtual data center architecture, Data center maintenance costs can be 
reduced by half and even more through unified management and scheduling of multiple data centers. 
6) High experience and SLA guarantee. This avoids the decline in business experience caused by excessive 
network forwarding links and randomness bandwidth congestion. 
3.  Smart Transportation data center virtualization 
Program based on the VMware vSphere will greatly improve the efficiency for server consolidation, greatly 
simplifies the complexity of  server group management, improves the usability of the whole system, but also 
significantly reduces the cost of investment, achieves "green IT", and plays a leading role in technology and cost-
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effective. As a result of the virtual technology encapsulates traditional server application environment to move the 
archive technology, it is easy to achieve uninterrupted operation of the business, as well as to realize flexible 
deployment according to applications and access, and to reduce overall system cost. 
Smart Transportation data center virtualization solution topology is shown in figure 1. 
Fig. 1 the topology of Virtualization solution 
3.1. Energy optimization and management of Smart Transportation Data center 
High energy consumption comes mainly from two aspects, one is the energy consumption in processor level, and 
the other is the energy consumption in the data center level. There are two general solutions usually: software 
methods and hardware methods. 
1) Software methods. It refers to the use of energy management strategies for client virtual machines to achieve 
virtual machine power management operations.  
2) Hardware method. It achieves energy management operations of the virtual machine by using hardware power 
management mechanisms.  
Generally, classification of high energy consumption problem and its solutions are shown in Figure 2. 
Both software methods and hardware methods have limitations, which cannot solve the problem of data center 
power consumption perfectly. Therefore, this paper proposed Green energy regulator method by combining 
hardware and software technology for energy management of virtualized cloud computing platform. 
The general idea of efficient energy management solutions includes three areas as follows: 
1) Energy monitoring and measurement methods. It is the basis of energy modeling and analysis by providing a 
wealth of energy monitoring and measurement methods, which can provide timely and accurate raw data; 
2) Energy modeling and analysis. Accurate modeling and analysis can predict the energy consumption of energy, 
indicate trends and causation, provide the basis for development of energy-saving mechanism and optimization 
algorithms; 
3) Energy-saving mechanism and optimization algorithm. It can be used to reduce energy consumption, and meet 
the requirements of performance, QOS (Quality of Service, QoS) or service-level agreements (Service-Level 
Agreement, SLA). 
Green energy optimization solutions combined by Software methods and hardware methods are shown as Figure 
3. 
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Fig. 2 classifications of high energy consumption problem and its solutions 
Fig. 3 green energy optimization solutions combining Software methods and hardware methods 
3.2. Business Continuity 
Business Continuity includes three aspects: High Availability, Continuous Operations and Disaster Recovery. 
Innate characteristics of Virtualization are destined to be innovative and effective in ensuring business continuity. 
VMware’s virtualization and variety of related products that derived from it which is taken as the core are 
organically combined to form comprehensive green solutions that ensure business continuity. 
1) The planned downtime. In order to cope with planned downtime, in a virtualized infrastructure (VI) 
environment, we can instruct the ESX server into maintenance mode first, and then make it stopped. ESX host into 
maintenance mode will automatically migrate all virtual machine (VM) running to other ESX hosts in the cluster 
uniformly. 
2) Expansion and upgrade of hardware. After taking virtualization architecture, when faced with the additional 
physical server hardware to solve the problem of expansion, the additional physical server process will not affect 
any application in the IT infrastructure. The benefits of virtualization are to reduce the proportion of server 
consolidation, and will not waste resources of the original server. In addition, even when the original machine is 
replaced in the process of upgrade, the original software license of original VI architecture can still be used. 
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3) Change of the location of the physical hardware. When the server in virtualization architecture needs to change 
the physical location, it can be managed in a unified way through vCenter (VC) if both migration locations have 
hardware equipment, so as to achieve centralized migration. 
4) Preservation of sudden failure of hardware. Unique HA technology of virtualization architecture can enable 
another ESX host replace the ESX host to work in a cluster when any one ESX host abnormal downtime. 
5) Fault tolerance. Since each application is running in a virtual machine in virtual architecture, so we can 
achieve cost-effective fault tolerance of enterprise application by taking a snapshot of a virtual machine (Snapshot) 
function. 
6) Local disaster recovery. VCB technology of virtualized infrastructure can be closely integrated with other 
backup software through an open API. By VCB technology, backup software can identify all storage of each virtual 
machine in enterprise IT architecture and transfer them to another local store, so that companies are no longer 
confined to data protection in the disk array level, and thus the real-time online local data protection is realized. 
7) Remote disaster recovery. Automatic remote disaster recovery of VI architecture can be effectively achieved 
by using SRM technology. SRM's function is continuous replication based on storage, which can be either 
synchronous or asynchronous. Through SRM, we can monitor the situation in both the primary site and disaster 
recovery site across geographies. Once the primary site fails, all the IP and application of the primary site can be 
migrated to the disaster recovery point by the use of SRM real-time. SRM includes not only coordination between 
storage, settings, and the settings of VC and ESX between virtual machines and each virtual point, but also the 
setting when we switch one point to another where there is hardware disaster. 
4. Query algorithm for uncertain traffic data stream 
4.1. Skyline query algorithm 
Skyline queries the collection of all returning objects that cannot be dominated in the database. The literature [41] 
gives a formal definition of a skyline query by combining data stream sliding window model in determined data 
stream. In Determined data stream, given a k-dimensional whole space 1 2{ , , , }kD d d d " , the currently active 
object in sliding window 1 2{ , , , }mS o o o " , any object in S  can be expressed as 1 2, , , , kid d d d !" . Among them, 
the arrival order of objects corresponds to a unique identifier id. Assuming small value is the best on each dimension 
and independent of each other between objects.  
Lemma 1 
Given any two objects, ,u v S , if id D   ,and  jd D  , . .j ju d v d ,then called u  dominate v , denoted 
by u vE . Otherwise known as u  does not dominate v .
Definition 1 (Skyline) 
All objects in set collection of S  are not dominated by other objects, called on the skyline in S , and denoted 
as ( )SKY S , formalized as ^ `( ) | ,SKY S u S v S v u    _  . 
In uncertain data stream, in addition to the properties of the object itself, each object is also associated with a 
probability value. Then, any object in S  can be represented by 1, , , , kid p d d !"  , (0 1)p p d which represents 
the probability of the existence of the object. Given a query probability threshold q , the probability skyline in 
uncertain data stream queries return all skyline objects in S  whose probability value is not less than q .
In possible worlds model of uncertain data, objects u  often appear in multiple possible worlds, and in some 
possible world u  is the skyline object; while in some possible world u  is not a skyline object. Sum of probability 
exist in Possible Worlds that u  become skyline objects is skyline probability ofu . Specific description as defined 
in Definition 2. 
Definition 2 (Skyline probability) 
Given an uncertain data set S , set of possible worlds by the uncertain object in S  is 1 2{ , , , }mPW W W W "  . 
Suppose objects are independent in S , uncertain objects u  and possible subset of the world 
1 2{ , , , }mPW W W Wc  "  satisfy with the conditions: 
For any possible worldW PW PW c  , skyline that objects u not belongs toW , namely ( )u SKY W ;
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So, the skyline probability of object u  (denoted as ( )Psky u ) is the probability of the presence of all possible 
worlds, that is ( ) ( )
w pw
Psky u p w

 ¦ .
Definition 3 (probability skyline query) 
Given an uncertain data set S  and query threshold q , probability skyline queries return all objects in uncertain 
database S  whose probability greater than or equal to skyline specified threshold q , called as the probability 
skyline on S , denoted ( )q SKY S  .and formally ( ) { | ( ) }q SKY S u Psky u q  t .
4.2. Uncertain traffic data stream 
In general, there are three types of uncertain traffic data stream forms: 
(1) Inaccurate data: error of data sensing device result in inaccuracy of original data; 
(2) Fuzzy data: uncertainty caused by fuzzy of privacy sensitive information; 
(3) Missing data: such as data reading missing existing in the reader in the application of RFID as well as the 
uncertainty resulted by summary data. 
1d
2d
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2o 3o
4o5o
6o
7o
9o
8o
11o
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Fig. 4 Skylines of moving object in uncertain environment 
Construction of road infrastructure makes travel more convenient, at the same time, more paths can be selected. 
In a trip, you can choose from multiple paths, each path must go through several positions objects, and each object 
can be described by its attributes, such as quality of service. For example, part of the data sets generated during a 
trip is shown in Table 1. io represents the position point of the travel path numbered i . Users can set a probability 
value for each location point in the path of the trip, evaluate the quality of the travel path, reflect the optimal degree 
of this path, and the optimal degree directly affects the user's travel choices. An example of moving object traffic 
behavior query is shown in Figure 4. 
Position of uncertainty moving objects located in the area p  at 1t  , the area of uncertainty is 0.5R   , and that 
was evenly distributed. Position of uncertainty moving objects located in the area pc   at 2t  , the area of uncertainty 
is 0.5R   , and that was evenly distributed. Query information of each data point at both states is shown in Table 1. 
4.3. Uncertain traffic data stream continuous query algorithm in real-time 
Continuous query algorithms must process each object in urban traffic data stream arrives efficiently, and 
requires the algorithm with the characteristics of real-time, strong manageability, lower time complexity and 
capturing data stream quickly. On the road network, the distance between any two data points is represented by 
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shortest path, but the shortest path is usually difficult to be got directly. Suppose the road network state from starting 
point O to the end D is shown in Figure 5, when the road network structure is represented as an undirected weighted 
graph ( , , )G V E W . In Which,V  is a collection of vertices, E is a collection of path, W is the collection 
between distance ir  and jr , ( , )i jw r r , it represent the weight of the path. Each data point in the network as a query 
object is positioned on the path ( )e e E , the position of the data points in the network are indicated ( , , )i jr r pos  , 
in which, ir  and jr  are the two end points of the path e , [0, ( , )]i jpos W r r  is the distance from node data point 
to the data point ir  . Weight of each path is shown in Table 2. 
Table 1 skyline query information at 1t  and 2t .
ID Position(x,y) 
1t 2t
Quality of 
service 
skyline 
probability 
Quality of 
service 
skyline 
probability 
1o  (5,3) 1 1o tq 1 1o tp 1 2o tq 1 2o tp
2o  (6,6) 2 1o tq 2 1o tp 2 2o tq 2 2o tp
3o  (9,6) 3 1o tq 3 1o tp 3 2o tq 3 2o tp
4o  (10,9) 4 1o tq 4 1o tp 4 2o tq 4 2o tp
5o  (7,10) 5 1o tq 5 1o tp 5 2o tq 5 2o tp
6o  (13,11) 6 1o tq 6 1o tp 6 2o tq 6 2o tp
7o  (8,13) 7 1o tq 7 1o tp 7 2o tq 7 2o tp
8o  (14,13) 8 1o tq 8 1o tp 8 2o tq 8 2o tp
9o  (10,14) 9 1o tq 9 1o tp 9 2o tq 9 2o tp
10o  (16,12) 10 1o tq 10 1o tp 10 2o tq 10 2o tp
11o  (16,16) 11 1o tq 11 1o tp 11 2o tq 11 2o tp
1r 2r 3r 4r
9r7r 8r6
r5r
11r 12r 13r
10r
1d
2d
3d
4d
5d
6d
7d
8d
 9d  10d 11d  12d
 13d
 14d
 15d
 16d
 17d
Fig. 5 the road network state from the starting point O to the end point D 
Table 2 path weight 
id  Road Cost id  Road Cost 
1d 1 5( , )r r  8 1c 10d 9 10( , )r r  4 10c
2d 5 11( , )r r  8 2c 11d 5 6( , )r r  4 11c
3d 1 2( , )r r  5 3c 12d 8 9( , )r r  3 12c
4d 2 6( , )r r  5 4c 13d 12 13( , )r r  5 13c
5d 2 3( , )r r  5 5c 14d 3 8( , )r r  9 14c
6d 6 7( , )r r  4 6c 15d 3 4( , )r r  6 15c
7d 11 12( , )r r  7 7c 16d 4 9( , )r r  5 16c
8d 7 12( , )r r  6 8c 17d 10 13( , )r r  9 17c
9d 7 8( , )r r  5 9c     
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For any data point in the network, ( , , )i j PP r r pos G
G
 and ( , , )k l QQ r r pos G
G
,if P
G
and Q
G
 are located on the same path, 
then the shortest path between P
G
 and Q
G
 is ( , ) | |
P Q
Short P Q pos pos G G
GG
 .If P
G
and Q
G
 Belong to different paths, we 
first need to solve The shortest path ( , )kShort P r
G
 and ( , )lShort P r
G
 from kr  and  lr of the path from P
G
 to Q
G
Among 
them: 
( , ) min( ( , ), ( , ) ( , ))k i k i k j kP PShort P r pos W r r W r r pos W r r   G G
G
(1)
( , ) min( ( , ), ( , ) ( , ))l i l i j j lP PShort P r pos W r r W r r pos W r r   G G
G
(2)
Then calculate the shortest path between P
G
 and Q
G
:
( , ) min( ( , ) , ( , ) ( , ) )k M l k l MShort P Q Short P r pos Short P r W r r pos   
GG G G
(3)
5. Conclusions 
Virtualization technology improves the efficiency of resource utilization and service levels, releases the potential 
of the data center, and brings great operational flexibility to the data center. Virtualization technology is not just a 
simple integration tool; it introduces more advanced automation and system management to the data center, and 
provides a share plus isolation, secure, trusted cloud computing infrastructure for data center. Such data center is no 
longer the traditional data center, but elastic data center superimposed with cloud computing functional architecture. 
As a result, research on virtualization technology of data center is the trend of modern smart traffic in the context of 
information. 
Also, this paper aims at the application of decision analysis in city traffic operation and maintenance; it is based 
on uncertain traffic flow data model, combines dynamic, multi object, multi constrained decision theory with 
massive parallel data processing framework, researches optimized, efficient, real time, continuous algorithm of 
multi-roots and multi users. The research can bring the following values to smart transportation system: 
I.Provide in-time and accurate traffic information for travelers help travelers to choose reasonable routes and 
transfer solutions, so as to minimize the cost of time due to congestion. 
II.Improve the efficiency of tracking on illegal vehicles, make the location time from hours to minutes and even 
to seconds through the function of real time analysis a processing on massive data. 
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